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Abstract 
Chlorophyll-a and phytoplankton concentrations at the sea surface reduce CO2, increase O2 and indicate the abundance of 
fish. If they are well understood, there are enormous benefits. This study investigates the seasonal distribution of 
Chlorophyll-a and phytoplankton concentrations in the Bay of Bengal and Andaman Sea by the created oceanic model and 
the satellite data obtained from Sea-viewing Wide Field-of-view Sensor (SeaWiFS) and Moderate Resolution Imaging 
Spectroradiometer (MODIS). The time-series and distribution of Chlorophyll-a concentration, phytoplankton absorption 
coefficient and Sea Surface Temperature are retrieved from Giovanni to analyze. The simulation is created from the 
seasonal winds to give the surface circulation as a result. The work is done to compare the satellite data and the simulation 
result. They are found to be agreed between SST, Chl-a concentration, phytoplankton absorption coefficient and ocean 
surface circulation. The study reaches the conclusion that the oceanic model can implicitly describe the seasonal 
distribution of Chlorophyll-a and phytoplankton concentrations in the domain of study. 
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1. Introduction 
The study focuses Chlorophyll-a (Chl-a) and phytoplankton concentrations in the Bay of Bengal (BoB) 
and Andaman sea since they reveal the marine primary production in this region. This biological process can 
reduce CO2, increase O2 in the sea surface and show the abundance of fish (Behrenfeld and Falkowski, 1997). 
The understanding of the seasonal pattern will give benefits to people and scientists in this region. Even Chl-a 
concentration is traditionally measured by the ship and a sample collection at stations but for the large scale of 
the ocean is not well representing the whole (Marghany and Hashim, 2010). The oceanic model takes place to 
subsidise this issue. However the accuracy and reliability of simulation is under the way of progression. The 
result of ocean model requires a validation to the field measurement. This study tries to match the simulation 
result with the satellite data. The time-series and distribution of Chl-a concentration, phytoplankton 
absorption coefficient and SST data are obtained from MODIS and SeaWiFS to analyze (Hooker et al., 1992). 
The oceanic model is built from the bathymetry, the temperature and salinity and the seasonal wind data that 
gives the surface circulation as a result. The work uses the oceanic model as a tool to implicitly describe the 
Chl-a and phytoplankton dynamic in the BoB.  
2. Data and Methodology 
The area-averaged time series of Chl-a concentration and Phytoplankton absorption coefficient are 
retrieved from SeaWiFS and MODIS satellites 9km 8days. The SST is obtained from MODIS-Terra on the 
same basic (Moore et al., 2006). The sigma-coordinate, free surface, primitive equations oceanic model is 
constructed and run to displays the surface circulation in horizontal and vertical directions. Comparing the 
simulation result to the analyzed satellite data, their relations are discussed as an intention to evaluate the 
oceanic model. So it can be used as the qualitative tool to explain the seasonal distribution of Chl-a and 
phytoplankton concentrations in the BoB and Andaman sea. The 2007 data set during the non-storm weather 
is selected for satellite data and oceanic model. The study area is the Bay of Bengal and the Andaman Sea 
(78ºE - 102ºE and 0º - 26ºN).  
 
Fig. 1. Map of the Bay of Bengal and Andaman Sea 
2.1. Satellite Data 
The ocean color radiometric data from SeaWiFS, MODIS and MODIS-Terra are retrieved to analyze. They 
rely on the basic of spectral radiance of the thin film of ocean surface reflects different properties in the water. 
In the ocean, the phytoplankton with the photosynthetically active pigment inside absorbs and scatters a light 
at certain wavelengths. After filtering the atmosphere disturbance, the ocean radiance determined by the ratio 
of a backscatter to the absorption for different wavelengths gives the color signatures of the water in blue and 
Chlorophyll in green. The investigating depth varies from 1m to 20 m depending on the visibility, productive 
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and perturbation level (Acker et al., 2005). MODIS sensors on Aqua and Terra satellite are the tool for 
imaging the data of level IB reflectance for Chl-a concentration. SeaWiFS gives the Chl-a data of Level-3, 
monthly standard mapping that can map the seasonal phytoplankton and the extent.  
2.2. Oceanic Model 
The sigma coordinate, free surface, primitive equations use to build the multi-layers, rectangular-gridded 
oceanic model (Fig. 1, 2). It is enclosed at the north, east and west whereas the south connects to the Indian 
Ocean but assumes as a close boundary. The initial condition is bathymetry derived from the 1 arc-minute 
global relief model, ETOPO1, (Amante and Eakins, 2008) following a sigma coordinate in vertical and 
interpolating to ¼º resolution in latitude and longitude. There are 104 × 96 grid points on the horizon and 16 
vertical levels. The seasonal temperature and salinity data are World Ocean Atlas 2005, WOA5, (Locarnini et 
al., 2005) applied as the initial condition. The created static model is driven by the seasonal wind data of the 
European Centre for Medium-Range Weather Forecasts, ECMWF, (Viterbo and Betts, 1999). The simulation 
is done in the prognostic mode and stable within a month after running. The stable results are the current at 
ocean surface. Figure below shows the domain of study in 3-D for QC process.  

Fig. 2. Perspective view of the domain (Depth is in meter unit) 
3. Results 
3.1. Chl-a concentration (SeaWiFS) and Phytoplankton absorption coefficient (MODIS) 
After discarding the minus values, Chl-a concentration (SeaWiFS) and Phytoplankton absorption 
coefficient (MODIS) agree to each other (Fig. 4). The area-average time series of Chl-a concentration is 
medium in January (0.30-0.50 mg/m3) and goes down to the lowest of 0.226 mg/m3 in May. It increases in 
June (0.543 mg/m3) and fluctuates from mid to high (0.348 -0.661 mg/m3) in July and August before reaching 
the peak (0.818 mg/m3) at the end of September. In October the spite (0.397-0.592 mg/m3) is observed before 
lowering to 0.368 mg/m3 in November. Early December it increases to 0.533 mg/m3 and goes back to the 
moderate level (0.376 mg/m3) in the year end. Regarding the distribution (Fig. 3), early of the year the high 
Chl-a concentration (5 - 15 mg/m3) widely distributes along the North and East of the bay which cover 
Bangladesh, Myanmar, Thailand and Malaysia coast and a very high (15-30 mg/m3) has seen at the Malacca 
strait. In May where Chl-a concentration is the lowest in the year, the moderate Chl-a concentration (0.7-5.0 
mg/m3) is only found close to the shoreline of the West, North and East of the bay (Fig. 3). In August, the 
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moderate Chl-a concentration (0.3-5.0 mg/m3) widely distributes on the coasts of the West, North and East of 
domain. In October, the moderate Chl-a concentration (0.3-5.0 mg/m3) is scattering in all coasts (Fig. 3). 
 
Fig 3. Chl-a concentration in mg/m3 by SeaWiFS (a) January (b) May (c) August and (d) October 2007 
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Fig. 4. Chl-a concentration (SeaWiFS 9km 8d) and Phytoplankton absorption coefficient by (MODIS 9km 8d) for 2007 after filtering. 
3.2. Sea Surface Temperature by SeaWiFS and MODIS.  
The area-averaged SST (Fig.6) of January is lowest in the year at 27.6º C and increases to the peak in April 
at 30º C and stays plateau to July. It decreases to 28.8º C in August and is stable in September, October and 
November before going down below 28º C at the end of the year. Regarding the distribution of SST (Fig 5), 
the significant cool water (below 25º C) discharges from the top estuaries in January (Fig. 5(a)). This shows 
the high amount of cool water disperses into the bay and lowers the temperature of entire water 1-2º C.  
          
(d) October (c) August (a) January (b) May 
(a) January  (b) May  (c) August (d) October  
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Fig. 5. SST (ºC) by MODIS-Terra 11micron day 9km daytime (a) January (b) May (c) August (d) October 2007  
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Fig. 6. SST ( ºC ) by Aqua-Terra (11Micron day 9km) for 2007 
3.3. Surface current by oceanic models 
The results of oceanic model are expressed on the top layer to explain the surface circulation of BoB. 
However the upwelling flow from deeper layers is taking into account for analysis. In BoB, the winter (end 
Oct – Jan), northeast monsoonal winds drive the surface current downward from the top bay and drag the cool 
river runoff from the estuaries to the ocean. The currents 0.5-0.7 m/s flow North-eastward on the top and 
South-eastward in the mid. In summer (June-Oct), southwest monsoonal winds bring the precipitation from 
the Indian Ocean to BoB. These winds create many turbulent currents flowing anticlockwise with velocity 0.7 
m/s at the top and mid of BoB in a reversal direction of the wind. These turbulent currents move South-
westward along East India shore. For the Andaman Sea, in January, 0.3 m/s North-eastward current flows 
near Myanmar coast, 0.4 m/s South-westward current is near Malaysia. In August, the 0.3 m/s North-eastward 
current is Myanmar peninsular, 0.3 m/s South-westward current is on Thailand and Malaysia coast. In 
October, the 0.4 m/s South-eastward and North-westward current circulate on near Myanmar, 0.3 m/s North-
westward and North-eastward circulates near Phuket Island and Phung-nga province in Thailand. It is noticed 
0.3-0.4 m/s South-eastward current at the Malacca strait throughout the year.  
4. Discussions 
In the winter (end Oct-Jan), Northeast monsoonal winds drive the ocean surface current downward from 
the top bay and drag the nutrient rich and cool water from the estuaries to the ocean as shown in SST satellite 
images (Fig. 5(a)). The strong Northeastward currents (0.5-0.7 m/s) as suggested by simulation carry this 
nutrient rich and perturbing water down from the top bay. This draws the river run-off from the Myanmar 
land down to Thailand and Malaysia coast. The model suggests the local Northwestward turning clockwise at 
Thailand coast. These consequently shows a high Chl-a concentration (5-15 mg/m3) widely distributes along 
the coasts of Bangladesh, Myanmar, Thailand and Malaysia and a very high (15-30 mg/m3) is in the Malacca 
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strait. In summer (Jun-Oct), southwest monsoonal winds bring the precipitation from the Indian Ocean to BoB 
and create Southwestward turbulent currents along East India shore. These non-uniform currents and the 
precipitation from the Indian Ocean create a fluctuated in Chl-a concentration throughout the bay (Fig. 3). The 
upwelling currents are also detected at the East of domain by simulation. This upwelling is believed to bring 
the high nutrient staged beneath the ocean up to the coast of East India, Bangladesh, Myanmar and Thailand 
in summer. Upwelling, turbulent currents and rainfall cause an extreme fluctuation in Chl-a concentrations 
from 0.35 to 0.82 mg/m3 along the coast of East India, Bangladesh, Myanmar and Thailand. The SST (Fig. 3) 
is confirmed by a lot of low temperature spots distribute in the Andaman Sea. However a high Chl-a 
concentration (5-20 mg/m3) has been seen at the top bay (Bengal delta), Myanmar estuaries and the Strait of 
Malacca. The end of February until May is the transitional window between the winter and summer, currents 
are calm by the compensation between the end of Northeast monsoon and the start of Southwest monsoon. 
The current in models are relatively calm making the area-averaged temperature of SST increases (Fig. 5). 
Because no river runoff and water precipitation added into the bay and low current activity, these are believed 
to decreases the Chl-a concentration to the lowest in the year during the transitional season (Fig.3, 4). 


Fig. 7. Surface Current by Simulation (a) January (b) May (c) August (d) October 2007  
(c) August (d) October 
(a) January (b) May 
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5. Conclusions  
In the Bay of Bengal and Andaman Sea, the nutrient rich river runoff from Bengal delta and Myanmar 
estuaries play an important role to a high Chl-a concentration as investigated by the remote sensing and 
simulation in this study. Beyond the upwelling that brings up the staged high nutrient to shores, the sea 
surface circulation carries this nutrient rich water with increasing Chl-a along the coast by the monsoonal 
winds. This creates the seasonal patterns of Chl-a distribution in the domain. The SST, Chl-a concentration 
correlated to phytoplankton absorption coefficient from satellites confirm that the ocean model can explain 
the seasonal distribution of Chl-a concentration in the Bay of Bengal and Andaman Sea.  
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